We have developed organometallic carboxylate compounds [R n M(O 2 CR') 2 ] capable of acting as negativetone EUV resists. Overall, the best and fastest resists contain antimony, are pentavalent and the carboxylate group contains a polymerizable olefin (e.g. acrylate, methacrylate or styrenecarboxylate). Evidence suggests that high sensitivity is achieved through the polymerization of olefins in the exposed region. We have performed a systematic sensitivity study of molecules of the type R n M(O 2 CR') 2 where we have studied seven R groups, four main group metals (M), and three polymerizable carboxylate groups (O 2 CR'). We found that the greatest predictor of sensitivity of the R n Sb(O 2 CR') 2 resists is their level of polymerizable olefins. We mathematically define the polymerizable olefin loading (POL) as the ratio of the number of olefins vs. the number of non-hydrogen atoms. Linear and log plots of E max vs. POL for a variety of molecules of the type R 3 Sb(O 2 CR') 2 lend insight into the behaviour of these resists.
INTRODUCTION
As the microelectronics industry follows Moore's law, the requirements for photoresists continue to increase. With 16-nm gate-lengths in production, technology capable of supporting the 10-nm lithography node must be developed today. Extreme ultraviolet (EUV, 13.5 nm) lithography is thought to be the next imaging technology for fabricating microelectronic devices, but there are still many obstacles that must be overcome. The traditional, chemically-amplified photoresist systems, which have been successful in lithography since the 1980's are encountering hurdles that are proving difficult 1 to overcome: poor photon absorption in thin-films, 2 moderate etch selectivity 2, 3 and limited gains in resolution. 4, 5 EUV (MORE). The MORE approach utilises high EUV optical density metals to increase the photon absorbance of thin resist films. James Thackeray in his 2011 SPIE plenary presentation stated that the target absorption for EUV resist films is 50%. To print 10-nm lines with an aspect ratio of 2:1, film thickness must be around 20 nm. Polyhydroxystyrene at this thickness will stop only ~10% of the light (T ~ 0.90). 7 Loading organic polymers with fluorine will have limited impact. Teflon, which likely contains the most fluorine of any organic polymer, only stops ~30% of the light in a film of 20 nm (T ~ 0.70). 7 A continuous, 20-nm film of HfO 2 , on the other hand, will stop ~50% of the EUV light. 7 Specifically, we describe a set of organometallic carboxylate MORE resists that have displayed excellent sensitivities. These resist are of the general form R n M(O 2 CR') 2 where M is the main-group metal antimony, tin, tellurium or bismuth, and the carboxylate group is capable of undergoing free radical polymerization (acrylate, methacrylate or styrene carboxylate). In this work we explore the systematic variations of the metal (M), the aliphatic or aromatic R group, and the polymerizable carboxylate group (O 2 CR').
RESULTS AND DISCUSSION
In designing this resist platform, we sought an EUV free radical photoresist. In this way, one initiation event could lead to multiple solubility-changing polymerization events and yield a negative-tone resist with good sensitivity. Our first attempt at a free radical MORE resist was tri(styrene)antimony ( Figure 1A ). This molecule can undergo free radical polymerization when heated at 100 ºC and the result is a cross-linked and insoluble network. 8 When we evaluated tri(styrene)antimony for its EUV sensitivity we found that it was relatively insensitive. The E max , or dose to maximum thickness after development, was 30 mJ/cm 2 . We attribute this insensitivity to the relatively high bond dissociation energy of a Ph-H bond, 9 which is often proportional to the organometallic bond strength. 10, 11 While pursuing tri(styrene)antimony, we were concurrently working on antimony organometallic carboxylate molecules like tri(phenyl)antimony diacetate ( Figure 1B ). This molecule, which does not contain a polymerizable group, demonstrated improved sensitivities over tri(styrene)antimony (E max = 21 mJ/cm 2 ).
We attribute the improvement in sensitivity to the comparatively low bond dissociation energy of carboxylate-peroxides 12 which is often proportional to organometallic bond strength. 10, 11 Excellent sensitivities (E max < 2 mJ/cm 2 ) were achieved through the combination of these two previous structural features. Our first molecule of this new class was triphenylantimony diacrylate (JP-20, Figure 1C ). This molecule contains both a polymerizable olefin as well as a relatively week antimony-carboxylate bond. Tri(phenyl)antimony diacrylate (JP-20) has demonstrated remarkable sensitivity characteristics of E size = 5.6 mJ/cm 2 for 35 nm L/S features ( Figure 2 ). Pattern modulation is also shown down to 16 nm although pattern collapse occurs at these resolutions. This resist has also passed witness plate-based outgassing tests (accumulating 0.98 nm) and has excellent shelf-life (no change to NMR of resist in solution for six weeks). We propose that the sensitivity achieved by this resist is due to the free-radical polymerization of olefins in the exposed regions. We have tested this hypothesis by comparing the sensitivity of triphenylantimony diacrylate (JP-20) to triphenylantimony diacetate (JP-18) as shown in Figure 3 
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EXPERIMENTAL METHODS
General Resist Formulation and Imaging. In general Resist formulations were made by dissolving solids in 1,2-dicloroethane at 1.5wt% solids and filtering through a 0.2 µm PTFE filter. Formulations were then spincast onto 4-inch silicon wafers, coated with a crosslinked polymeric film (75% hydroxyethyl methacrylate / 25% methyl methacrylate copolymers). Resist films were then exposed with 13.5-nm radiation and developed using either DI water or organic developer for 30s. Two exposure tools were used for this study: the Berkeley direct contrast tool (DCT) and the Paul-Scherrer Institut EUV interferometer. 6 
